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Abstract 
Using Microsoft VB to develop the specialized SQL database, which stored the data of documents and pictures about 
the design and construction of the reservoirs, recorded the reservoirs function and information about carrying out the 
reservoir danger removal and consolidation. The development of the software could help to realize the automatic and 
scientific management of dangerous reservoirs in Liaoning Province and increase the water conservancy management 
departments efficiency and accuracy to supervise reservoirs, thereby providing references for regulating the reservoir 
danger removal and consolidation work in the future. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
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1. Introduction 
Since 2007, with our country stressing on the water conservancy project and the financial department’s 
financial support, most of the medium and small-sized dangerously weak reservoirs throughout our 
country have obtained scientific evaluation and systemic design of danger removal and consolidation. The 
danger removal and consolidation project has been carried out successively. The level of reservoirs has 
been obviously increased and the security of people’s lives and property has been greatly guaranteed. At 
the same time, due to the importance of reservoir data and the large accumulation of engineering drawings 
and text materials, it was a big problem for the management departments at all levels to preserve and have 
accessed to the related data, which seriously influenced the working efficiency of water management 
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departments. This paper develops the management system with an aim to solve the problems of data 
storage, data query and data statistics at different stages when carrying out the danger removal and 
consolidation project for the dangerously weak reservoirs, to fully consider the time sequence of reservoir 
danger removal and consolidation and the risks in the operation of dangerously weak reservoirs, and to 
assist the managers to complete the dangerous reservoirs’ operation and management.    
2. Main function of the software   
The management system developed including different stages of reservoir danger removal and 
consolidation from the first-phase identification to the preliminary design and the acceptance work, 
classified the actual situations of the reservoir buildings, kept the files, made the risk assessment for every 
reservoir. All results would be typed into the SQL database of the software. The system could increase 
managers’ efficiency to pick up and read the relevant information of each reservoir and give the 
prejudgment and pre-treatment suggestions in advance for dealing with the special state of the special 
reservoirs at the flood season. In the way the management system can organically combine the 
engineering measures with non-engineering measures and make them together. Fig.1 was function 
drawing of the software developed. The main functions included file management, inputting, and looking 
up the project information, management of dangerous reservoir, statistic analysis of data, outputting and 
sending data.  
Fig.1. Main function of the software 
File management. It kept the following data in file, which mainly included the reservoir construction 
data, the security assessment data, the preliminary design data, the completion acceptance data, the 
records of reservoir extension or reservoir scrap, and the emergency programs for important reservoirs; in 
addition, it also included the notices, summary materials, and the national standard specification and so 
on released by the water conservancy departments.  
Inputting and inquiry information. After making the input interface for each database, we would input 
the information about the dangerous reservoirs’ water level, storage capacity, dangerous position, the 
danger level, the danger removal and consolidation measures, and coast of construction and etc. into the 
database. The search condition could be provided through the function of SQL to select sentences for 
looking up the relevant information.  
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Management of dangerous reservoirs. It included the reservoir dam-break analysis, the reservoir risk 
assessment, and the technologies to remove reservoir dangers. The technologies to remove reservoirs’ 
dangers were selected from the previous danger removal and consolidation measures and they were keep 
in file alone as the technological references to assist the management of dangerous reservoirs.  
Statistic analysis of data. There were four statistic methods, the time sequence, the basin perimeter, the 
administrative region, and the project investment. The statistical results mainly include the quantity and 
names of the reservoirs which needed danger removal and consolidation, the amount of project 
investment, and the project benefits produced. 
Outputting and sending data. The contents of outputting mainly included the texts and pictures, and it 
was mainly used to provide data for information printing and statistic analysis. The sending function was 
to send e-mails by using Outlook, i.e. to directly send the texts or other documents to the appointed e-mail 
or the exact person to contact.  
3. Database structure  
The database mainly consisted of following sheets: reservoir’s basic information, statistical sheet of 
security assessment, statistical sheet of preliminary design, statistical sheet of completion acceptance, 
database of danger removal and consolidation technologies, database of reservoir’s ownership and 
management, database of the supervisors for design and construction, database of files and others.  
4. Key technologies 
4.1.  Development of dam-break analysis module  
Some statistics showed that most of the dam-break often took place for earth dams and rock-fill dams; 
particularly, the dam-break in a large number of small-sized fill-dams caused by flood over-tapping which 
took up about more than 95% of the total number of dam-break [1]. To increase the flood carrying 
capacity by 50% can decrease the probability of reservoir dam-break from 10% to 20% of the original 
probability [2]. Therefore, to develop the simple and universal dam-break calculation module was of 
positive significance to increase the level of managing dangerous reservoirs and bring convenience for 
controlling the reservoir’s flood prevention in the flood season.  
4.1.1. Dam-break maximum flow 
There were a lot of previous studies on the maximum flow of dam-break[3]. Considering the empirical 
formula’s scope of application, the paper adopt the weir formula as follows: 
5.1
01 2m BHgQ =                                                                                                                               (1) 
Where Q1 was the corresponding discharged water flow at the crevasse, unit was m3/s, m was weir 
coefficient, generally ranging from 0.3 to 0.4, B was the total width of the crevasse, unit was meter, H0 
was weir head, unit was meter. 
4.1.2. Calculation of the dam-break discharge hydrograph  
The study adopted the generalized mode of dam-break flood process provided by the literature [1] to 
investigate and calculate the reservoirs with dam-break. When we have calculated the maximum 
discharge of the dam-break (Qmax) and the total discharged water flow of dam-break (W), we could 
calculate the hydrograph of the dam-break flow by using the following formula. 
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maxQKQ Q=                                                                                                                                       (2)  
Where Q was the total discharged flow of dam-break at a certain moment, unit was m3/s, Qmax was 
the maximum charge of dam-break, unit was m3/s, KQ was flow coefficient, which was determined by 
the generalized mode of dam-break flood process mentioned above. With other formulas mentioned in 
literature [1], we could calculate and determine the relation between Q and t, i.e. the hydrograph of flood 
dam-break flow.  
4.1.3. Flood in downstream   
For the medium and small-sized reservoirs, because of the small storage and small catchment area, the 
flood duration of reservoir dam-break was relatively short and what we should focus on was the 
maximum flow of the dam-break and the reservoir’s total quantity of draining. Therefore, the calculation 
of flood routing in downstream mainly included the estimation of each reach quantity of flow and the 
estimation of the size of cross section. The estimation of river quantity of flow could adopt the 
generalized formula from literature [1]. 
Using the calculation method mentioned above and the reservoir construction data from the database, 
the dam-break area and formation could be calculated automatically. Then, combining with the forecast 
of the local hydrology and water regime, it could assist the management departments to make timely 
judgments and formulate countermeasures, which would be great help of increasing the management 
efficiency in the flood season.   
4.2. Development of risk analysis and sequencing module 
The reservoir dam risk was the product of the probability of dam-break and the dam-break consequence, 
so when studying the dam risks, we must study the losses of life [4], economic losses, and social 
environment influences caused by dam-break. When sequencing the danger removal and consolidation for 
the dangerous reservoirs, the main purpose of developing the module was to quantize the reservoir risks 
and determine the importance of reservoirs by comprehensively considering the influencing factors 
mentioned above.    
The research adopted the qualitative control chart for the comprehensive assessment of dam-break time 
in literature [5] to determine the rough range of the aggregative indicators for dam-break evaluation of the 
medium and small-sized reservoirs in Liaoning Province, i.e. L was more than 0.55, we must immediately 
deal with the dangers of the reservoir，when L was more than 0.65, it was a major accident. At the same 
time, when making the sequencing analysis, we should appropriately reduce the weighted value of life 
losses and increase the weighted value of economic losses, but for the large water conservation projects, it 
was recommended to calculate with the formula and coefficients mentioned above.  
5. Development of other functions  
5.1. Development of the statistical report function  
The statistical function was an important component of daily management. The function of statistical 
report developed this time included statistics by date, by administrative regions, by river basin and by the 
costs of danger removal and consolidation project. The statistical data mainly included the information 
about the areas which needed danger removal and consolidation, the engineering measured, and the 
construction cost and etc, which brought convenience to look up the history of making consolidations for 
the reservoirs in different regions and the investments. For the similar danger problems, we could analyze 
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the feasibility and actual situation of project investment from the perspective of the engineering analogue 
so as to better manage the danger removal and consolidation projects in different regions.  
5.2. Development of the database and material back-up function 
It was mainly to make back-up for the important sheets in the database so as to guarantee the security 
of database. It was necessary to make regular back-up for the related text approvals, the design materials, 
and completion acceptance report and etc so as to made it convenient to look up the data and keep the data 
in file in the future.     
5.3. The function to link Word and Excel and the function of direct output 
Microsoft Office software was widely used in office automation, especially the software of Word and 
Excel. Therefore, the development of the software adopted the form of Word and Excel to automatically 
generate the Word documents and the Excel documents. Then the automatic office would be realized after 
the flexible composition and processing.   
6. Conclusion  
The development of the software can overcome many inconveniences for the water conservancy 
management departments in controlling the reservoir management. Besides, it brings great conveniences 
for clearly inputting the reservoir data into the management system, sequencing the reservoir danger 
removal and consolidation, making decisions on reservoir’s emergency-meeting, making investments in 
the reservoir danger removal and consolidation, and dealing with the final-period management. So the 
software can increase the working efficiency and working accuracy of the reservoir management 
departments. In the future, we should further combine with the GIS technologies to develop the large 
software supported by the Geographic Information System and assisted by expert intelligence, thus 
improving and perfecting the information management methods of the water conservancy departments 
and promoting the rapid development of modernization and integration of reservoir management.    
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